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Abstract+3S)-Atrochrysone and (3S)-torosachrysone have been Isolated from Australian toadstools belonging to the 
genus Dermocybe; labelling experiments show that sodium [2-“Clacetate and [Me-13C]methionine are efficiently 
incorporated into torosachrysone by mtact fruit bodies. 

INTRODUCTION 

Atrochrysone and its 6-O-methyl ether, torosachrysone, 
occupy what appear to be pivotal positions in the bio- 
genesis of anthraqumone and pre-anthraquinone pig- 
ments in fungi [ 11. For example, it seems likely that 
atrochrysone (1 or its mirror image) is a progenitor of 
emodin and hence of many other neutral anthraquinones 
[2]. The (3R)-antipode of 1 has been isolated from the 
toadstools Cortrnurius atrouirens and C odoratus [ 3, 4). 
Similarly, torosachrysone (2 or its mirror image) is a 
logical antecedent to fungal tetrahydroanthraqumones 
such as austrocortdutein (3) and austrocortlrubin (4) 
[ 51, and to a large group of dimerlc pre-anthraquinones 
including the various diastereotsomers of tlavomannin 
dlmethyl ether (5) [ 11. The dihydroanthracenone 2 is a 
constituent of the seeds [ 61 and seedlmgs [ 73 of the plant 
Cass~~ torosa and has been isolated from the roots of C. 
singueunu [S] but, despite its important role as a precur- 
sor to more elaborate fungus pigments, torosachrysone 
has not, hitherto, been detected m fungi. 

We report here the isolation of (3S)-torosachrysone (2) 
from Dermocybe splendidu,t a toadstool from which we 
have previously characterized tetrahydroanthraquinones 
of the types 3 and 4 as the principal colouring matters [ 5, 
91 This is the first record of torosachrysone as a fungal 
metabolite 

Much higher concentrations of torosachrysone (2) 
occur in several other toadstools related to D. splendida. 
In one of these we have established the biosynthesis of 2 
by feeding expenments, while m a second, torosachrysone 
occurs together with (3S)-atrochrysone (1). This is the 

*Part IO m the senes ‘Pigments of Fungi’. For Part 9 see 
Tetrahedron Letters (1988) 29, 2085. 

tThe fungus described here was originally placed close to 
Cortmnrms pumceus Orton and C. sangumeus (Wulf ex Fr.) Fr 
(Watling, R , personal communication) It was not identified by 
name m earher pubhcatlons in this series [S, 9, lo]. It has now 
been identified as Dermocybe splendrda Horak by comparison 
with material collected m New Zealand (Horak, E, personal 
communication). 

first report of the (3S)-enantiomer (1) of atrochrysone as 
a natural product. 

RESULTS AND DISCUSSION 

Solvent extraction of fresh fruit bodies of D. splendldu 
gave deep red extracts. Preparative TLC effected preliml- 
nary separation of an anthraqumone fraction [lo] from 
more abundant, less mobile pre-anthraquinones mclud- 
ing, wter ah, 3 and 4 [S, 91. Repeated sdica gel chro- 
matography of the pre-anthraquinone fraction followed 
by gel permeation using Sephadex-LH20 gave the dihy- 
droanthracenone 2 (1.1 x 10e3%), [ a]i4 + 7.2” (dloxan), 
[ cr]k’ -6” (MeOH), R, 0 35 [ toluene-ethyl formate- 
formic acid (50:49: l)] which showed absorption maxi- 
ma in the electronic spectrum at 328, 331 and 398 nm 
consistent with l,&dihydroxynaphthalene chromophore 
conjugated with a carbonyl group. 

The molecular formula C16Hi605 for 2 was deduced 
from mass spectroscopic and analytical data and, to- 
gether with ‘H and 13CNMR data (below), clearly 
identified this metabolite as torosachrysone (2). Thus, the 
‘H NMR spectrum of 2 in Me&O-d, at 400 MHz shows 
a pair of meta-coupled aromatic protons (66.39 and 6 70, 
J = 2.2 Hz), hydroxy and aromatic singlets (64.04 and 
6.95, respectively), C-Me and O-Me resonances (6 1.41 
and 3.88, respectively), and signals (6 9.76 and 16.34) due 
to chelated hydroxy groups. All of these data are in 
general agreement with hterature values for the plant 
product [6, 1 I]. However, m contrast to the literature to 
date, which records one or both pairs of methylene 
protons at C-2 and C-4 in 2 as giving rise to broad singlet 
resonances, higher field strength reveals both signals as 
clearly discernable AB-quartets. Consequently, the mdi- 
vidual components of each of these signals may now be 
unequivocally assigned (Expenmental) in terms of the 
conformation 6 for the dihydroaromatlc ring in 2. 

The absolute configuration of torosachrysone isolated 
from Cussra srngueuna has been established as (3s) by 
exciton chirality experiments involving the 3-0-benzoyl 
derivative of torosachrysone-8,9-dl-O-methyl ether [ 81. 
Comparison of the specific rotation of the fungal metab- 
ohte 2 measured m dioxan with data reported for the 
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plant product {[sI]~ 5 + 7” (droxan) [6]} strongly 
suggests that the dihydroanthracenone 2 from both sour- 
ces possesses (3S)-stereochemrstry This suggestron was 
subsequently confirmed by comparrson of the CD spec- 
trum of fungal torosachrysone (Fig. 1) wrth chiroptrcal 
data reported by Steghch and coworkers [ 121 for the 
plant product and for the (3S)-enantlomer of torosac- 
hrysone-8-O-methyl ether prepared unambtguously 
from (-)-qunnc acrd 

This is the first report of (3S)-torosachrysone (2) as a 
fungal metabohte and Its occurrence in D splendtda adds 
credence to our earlier comments regardmg the role of 
dihydroanthracenones m the brosynthesis of pre-anthra- 
qumones such as f5 m fungr [ 1, 5, 91 

We have found several species of Dermocybe toadstools 
m S.E Vrctorra whrch contain (3S)-torosachrysone (2) 
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not as a mmor prgment but rather as the major colourmg 
matter Two of these species, WAT 20880, and WAT 
20881* are discussed further here 

WAT 20880 gave a brown ethanohc extract whrch after 
purrficatron by srlica gel and Sephadex chromatography 
afforded (3S)-torosachrysone (2) m a yreld of 6 x lo-*% 
of the fresh wetght of the fungus Traces of physcron (7) 
isolated durmg preparatrve TLC and rdentrfied from the 

*These fungi are placed as new taxa m Dermocyhe (Wathng, 

R . personal commumcatlon) They are referred to here by the 

accession numbers under which boucher spectmens are held m 

the herbarlum of the Royal Botamc Garden. Edinburgh, U K 

WAT 20881 1s thought to be close to D sphagnetr (Orton) Mos 
while WAT 20880 IS further from the mam Dermocyhe hne 

Fig 1 CD spectra of ( + )-atrochrysone (1) (--) and ( -)-torosachrysone (2) (- - - ) m EtOH 
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Scheme 1 Btosynthesrs of torosachrysone (2) 

spectroscopic data could have arisen, at least in part, from 
2 during the isolation and purification procedure. 

In view of the high concentrations of relatively pure 
torosachrysone in WAT 20880, this organism lent itself to 
studies of the biogenesrs of 2. Accordingly, a young fruit 
body growing in its natural habitat was Impregnated 
using a syringe with a total of 100 mg of sodium [ 2-13C] 
acetate over a period of three days. After a further four 
day’s growth the toadstool was harvested and torosa- 
chrysone (2) was Isolated m the usual way. The ’ 3C NMR 
spectrum of 2 isolated from this impregnated toadstool 
(Table 1) clearly reveals a high incorporatron of label at 
specific sites m 2 which are entirely consistent with the 
formation of torosachrysone from an octaketide precur- 
sor, itself assembled (at least formally) by head-to-tail 
linkage of acetate units. In a parallel experiment S- 
adenosylmethionine was established as the source of the 
O-methyl carbon atom in 2 by feeding [Me-13C]methio- 
nine. High specific incorporatton of labelt into the O- 
methyl group in 2 provides a clear Indication that this 
extra-ketide carbon atom is derived from S-adenosyl- 
methiomne. The results of these labellmg experrments are 
summarized m Scheme 1. 

Extraction of WAT 2088 1 gave (3S)-torosachrysone 
(2) (8 x 10w2%) together with a more polar pigment 
(1.3 x 10e2%), green-yellow needles, C,,H,,O, (mass 
spectrum and combustion analysis), [a]& + 8.2” 
(MeOH), R, 0 24 [toluene-ethyl formate-formic acid 
(50:49: l)]. 

The less mobile pigment was identified as atrochrysone 
(1) from spectroscopic data (Experimental), m particular 
the similarity between the electronic and NMR spectra 
and those of torosachrysone (2). Once again the mdivid- 
ual resonances due to the protons of the C-2 and C-4 
methylene groups in the spectrum of 1 are clearly resolved 
at 400 MHz and may be assigned m terms of 
the conformation 6 for the dihydroaromatic rmg in 
atrochrysone (1). 

The (3S)-absolute configuration of ( + )-atrochrysone 
(1) follows directly from comparison of the CD spectrum 
(Fig. 1) with that of the (3S)-enantiomer 2 of torosachrys- 
one. The stereochemical correspondence between the 
dihydroanthracenones 1 and 2 might be antrcipated from 
their co-occurrence in WAT 20881 and the close bio- 
synthetic relationship which therefore must exist. Our 
assignment of (3S)-stereochemistry to dextrorotatory 
atrochrysone complements the work of Steglich et al., 
who deduced the (3R)configuration for the laevoro- 
tatory enantiomer of 1 ([a]& - 8” (MeOH)} isolated 
from Cortrnarius odoratus [ 3, 121. 

f An enrichment of 15% followed integration of the 13C 

satelhtes (J= 143.8 Hz) flanking the 6-OMe resonance at 63.88 

m the ‘H NMR spectrum (CDCI,) of 2. 
**For a contrastmg suggestion see [13] 

PHYTO 28:10-H 

Table 1. 13CNMR data for compound 2 isolated from WAT 

20880 after impregnation with sodium [2-t3C]acetate 

C Chemical shifts Percentage ennchment~ 

(6) 

1 2014 
2 509 10 
3 710 
4 434 11 
4a 135 2 
5 99 2 08 
6 1638 
7 1010 08 
8 159.9 

8all 108 0 09 
9 166.2 

9all 108 0 0.9 
10 117.6 04 
10a 1410 

3-Me 28.9 11 
O-Me 55.6 

§Data obtained from fully proton-decoupled spectrum m 

CDCl, Assignments are consistent with the fully proton-cou- 

pled spectrum (Expertmental) and have been confirmed by 2D 

tH-r3C correlatron experiments 

7Percentage enrichments were obtained by comparmg the 
mtenstttes of resonances m both the natural abundance and 

enrtched spectra after normahzatron Enrtchment refers to atom 

% r3C over and above natural abundance ( 1 1%) 

[IThese resonances are resolved (6,, 108 3 and 6,, 109 3) m 

Me,CO-d, 

From our results and those of the Steghch group, it is 
becommg mcreasingly apparent that toadstools belong- 
mg to Cortinarius and its allies are capable of manufac- 
turmg, stereospecifically from octaketide precursors, 
chiral dihydroanthracenones such as atrochrysone with 
differing absolute stereochemistries ** This conclusion 
renders the absolute configuration at chiral centres in 
pre-anthraquinones of the types 3-5 a significant ques- 
tion and its determmation a serious challenge 

EXPERIMENTAL 

‘H and ‘sC NMR spectra were recorded at 399.65 and 100 40 

MHz, respectively in Me,CO-d, (unless stated otherwise) with 

TMS as mt. standard. Mps. uncorr Prep TLC used Merck 
Kteselgel 60 GF,,, layers (0 1 x 20 x 20 cm) on glass plates. 

Combustton analyses were performed by the Austrahan Mtcro- 

analyttcal Service, Melbourne, and Chemical and Mtcroanaly- 

ttcal Servtces, Geelong. Voucher specimens of Dermocybe splen- 
dada Horak are held m the herbarmms of the New South Wales 
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Department of Agrrculture, Btologrcal and Chemrcal Research 

Instrtute, Rydalmere, N S W (accessron number DAR 50092) 

and the Royal Botanic Garden Edinburgh, UK (accessron 

number WAT 18086) Voucher specimens of WAT 20880 and 
WAT 20881 are also held at Rydalmere under accesston numbers 

DAR 61415 and DAR 61416, respectrvely Fungt were collected 

durmg June 1987 and 1988, feedmg experrments were performed 

durmg late June 1988 

Is&non of 2 from D splendtda Whole fresh sporophores 

(455 g) collected near Marysvrlle, Vrctorta were chopped and 

Immersed overmght m MeOH The red extract was coned under 
red pms andtheresulrmg X+ sUspensmn.extmctedw& Et.GAr- 

Evapn of the orgamc phase and prelrmmary prep TLC wtth 

C,H,-HCO,Et-HCO,H (50 49 1) gave d mobile zone con- 

srstmg mostly of antkraqumones [lo] and a maJor polar zone 

contammg pre-anthraqumones mcludmg 2 Further srhca gel 

chromatography usmg the same solvent followed by gel per- 

meatron (Sephadex LH-20, MeOH) gave (3S)-torosachrysone 
(2). (5 mg. I> !. Y 1.0. 3 “A. fr. wt.). 

Isn!tiat!on $2,@om W-4 T 20880 ~lnd W.4 T 20881 Whole fresh 

sporophores (ta 50 g) collected at Kmglake, Vrctorra were 

macerated and soaked m EtOH (500 ml) m the dark for 1 hr The 

brown extract was evapd under red pres and the residue 

partrtroned between EtOAc and H,O The orgamc phase was 

coned and purified by prep TLC wrth C,H,-HCO,Et-HCO,H 
(SC;- 49. i-i- fltratr-on through a coiunm of Seplmdex LI+-2G-i_m 

MeOH) gave (3S)-torosachrysone (2) (33 mg, 6 x 10e2% from 

WAT 20880, 44 mg, Xx 10-*0/u from WAT 20881), crtrme 

needles (from MeOH), mp 191-194” (Found C, 67 0, H, 5 6 Calc 

forC,,H,,Gj C, 66 7. ii, 56%) [u]g + 7 2. (thoxan, c i ij, 

[aJ;‘-6’ (MeOH, c 065), IR v$~:crn~’ 1638, 1585, 

UVn~~r’nm(logs) 228(476),272(506),318(423),331(411), 

398 (4 47);‘H NMR 6 1 41 (3H, s, 3-Me). 2 78 (lH, dd, .I = 17 0, 

19Hz,H-2a),292(1H,d,5=170Hz,H-2~),302(1H,dd, J 

=161,19Hz,H-4a),310(1H,d,5=161Hz,H-4/?),388(3H,s, 

OMe),4.04(1H,s.3-OH),639(1H,d,5=22Hz,H-7),670(1H, 

d,J=22Hz,H-5),695(IH,s,H-10),976(1H,s,8-OH),1634 

(lH, s, 9-OH), ‘+ZNMR (CDCI,) fi 2014 (t, J=5 9 Hz, C-l), 

1662(d,J=29Hz,C-9),1638(m,C-6),1599(t,J=44Hz,C- 

8) 141 0 (hr s, C-lOa), 1352 (t, J=58 Hz, C-4a), 1176 (dq, J 
= 155 5, 5 9 Hz, C-IO), 108 0 (m, C-8a and C-9a), 1010 (ddd, J 

=161 3, 58, 44Hz, C-7), 99.2 (dt, J=l61 4, 44H2, C-S), 71 0 

(m, C-3), 556(q,J= 1438 Hz, OMe), 509(hrf,J= 129 1 Hz, C- 

2). 43 4 (br t, J = 129 1 HI C-4), 28 9 (hr q, .I = 124 7 Hz, 3-Me) 

Feedrny expenments wtth WAT 20880 (a) Na [2-r ’C]Ac A 
single fruit body was Impregnated twrce usmg a syrmge (ca 

10 am on day 1 and day 3) with an aq soln of Na[2-‘3C]Ac 
(250 ~1, 2 44 M, 99 atom % 13C) On day 8 (ca 4 pm) the 

toadstool was picked, macerated m EtOH (250 ml) and the 
torosachrysone (7 mg) Isolated as described above The 

13CNMR spectrum showed specrfic mcorporatron of label ds 

detailed m Table 1 

(b) [Me-‘3C]Methronrne A single fruit body was Impregnated 
four times usmg a syringe (ca 10 a m on days, 1,4,7 and 9) with 

an aq soin of [Me-! ‘C jmeihronme (500 Ici, ii 53 M, 99 aiom % 

13C) On day 12 (~a 4 p m ) the toadstool was prcked, macerated 
in EtOH (250 ml) and the torosachrysonc ( 13 mg) was isolated 

as before The enrrchment m 13C content at the 6-OMe group 

tClearly resolved only on rrradratron of H-10 (6 6 83) 

was measured from the ‘H NMR spectrum by mtegratron of the 

13C satellites flanking the 6-OMe resonance at 63 88 

Ico~arron of 1 from U’AT 20881 Durmg prep TLC of the 

extract of WAT 20881 described above a second green zone, 
more polar than that contammg 2, was obtamed Gel permeatron 

(Sephadex LH-20, MeOH) gave (3S)-atrochrysone (1) (7 2 mg, 

1 3 x 10~20/0 fr wt ), solcated green-yellow needles (from 

MeOH), mp 234-238 (dec) (Found C, 64 1. H, 5 15 

C, SH,,O, f MeOH requrres C. 64 IS, H. 5 55%) [a]& +8 2” 

(MeOH, c 0 19). IR vzf;crn- ’ 3460, 1643, 1599, UVi~~‘rnm 
(logs) 224(392),275(425),320(335).333sh (322),405(3.73), 
‘H. NM-R. d 1_4fl(.3H. 5 3-M-e)..277 ( l_H,.d&1= I.7 4,.20 Hz+.H- 

2a),29011H.d.J=174H~,H-2/?),299(lH,dd,t~=l59,20 

Hz, H-4a), 3 08 ( lH, d. .I = 15 9 Hz, H-4P), 4 02 (lH, s, 3-OH), 

637(1H,d.J-22Hz,H-7),658(1H,d.J=22Hz,H-5),683 

(lH,s,H-10),916(lH,s,6-OH),984(lH s,8-OH),1652(1H,s, 

9-OH), 13CNMR b2038(C-I), 167O(C-91, 1625(C-6). 1609 

(C-8), 1423 (C-lOa), 137 8 (C-4a) 117 3 (C-10). 1089 (C-9a), 
1.07 6(.C-XX),. l.O%8(.C-?),. mt 7 !.C-5),.7tl 7 (.C-3)..rl.2(.C-)_!,.41 5 

(C-4), 29 5 !3-Me), EIMS (probe) 70eV.~mj;(rel un) 274 0842 

[M]’ (100) C,,H,,O, requues 2740841). 256 [M-H,O]+ 

(81), 232 (14) 216 (37). 43 (27) 
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